The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



le undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
Ithe Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
]mptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
[inally filed in connection with the patent application identified therein. 

;o certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
fndment, effected by this office, following a request by the applicant and agreed to by the 
iptroUer-General. 

jcordance with the Patents (Conq)anies Re-registration) Rules 1982, if a company named 
|s certificate and any accompanying documents has re-registered under the Companies Act 
with the same name as that with which it was registered immediately before re- 
ation save for the substitution as, or inclusion as, the last part of the name of the words 
ic limited tympany" or their equivalents in Welsh, references to the name of the company 
certificate and any accompanying documents shall be treated as references to the name 
fhich it is so re-registered. 




>rdance with the rules, the words "public limited company" may be replaced by p.l.c, 
\.C. or PLC. 



tration under the Companies Act does not constitute a new legal entity but merely 
the company to certain additional company law rules. 




Dated 12 December 2005 




ug 2Q04 14:55 



JEPSEN 



4556169344 



s. 2 



Patents Fortn 1/77 

^tcoimAM:gt977 . 



S Oflke " 



Request fiyr grastt of a patent 

(Seetia^ohaimAciubchcffkhSnax Yaa cmo sttao get 



■a 



THB RA^iNT OFFICE 
RM 

1 3 AUG 2004 

RECEIVED BY FAX 



JL 




/ 

/ 




0 # 

13AUG04 E918754-1 B27982 



7 



POi/7700 0-00-0418107.9 NOJE 

The FfttcQi Office 

CardifFRoKi 
NewpDR 
South Wales 
NPlOeOQ 



1 . Your reference 



ipvc/: oM. 001. 



2. pELtent appUcatioti nnmbry 
<7a^e Parmt q/ficB vamfat tmtp€^rt 



0418107.9 



1 3 AUG 2004 



5. F^namc, ai1drp« an4 postcode of the or of 

each appUcant TMiufarnine aasurnam«0 



Patents ADP nxanbei CEf>»ri Jbtour i;^] 



If the applicant is a coxponuc body, give the 
country/state ot its IncoiponiClon 



5, Name of your aseitt (l/'iw^!Mi>«iMi4> 

"Address for service" in the United Kingdom 
to ^ich all corrcspoodciicc should be aent 



^VfP^ftAToa> 






Patents ADP mimbcr t^you ^tnow U) 



6. Pcioiity: CompJece this action If you aie 
doc^afing priority from one or more earller 
pdtcm applicationft, filed Ui tlic last 12 months. 




Counoy 



Priorilr appQoition nunnber Diife oTflltcig 



7. Dhdsionab, etc: CompIcK this aeccLon only if 
sipplication is a divisional appBcatioii or 
neautted ttom an entitlement dlapute <«ce note f} 



S. Is a Patents Form 7/77 (Statement of 

inventorship and of right to gcstnt of a pateiiO 
reciuircd in suppoft of this m]uc5t7 

a) any appliont otnaed ta. put > to not an hiv i -mo r, 

to thexc b m InviefiTpr who b not flamed as an 
jqipUcant^ or 

c> anjrnmcdappllcuit iiacurpofmtehocijr. 
Oiitrfwtae answer NO <^ note d> 



Nucnb^r of earlier UK ^ppUcntioa. Date of filing 



Pal 



Family?? 



13* Rue 2004 14: 55 



JEPSEIi 



455B169344 



s« 3 




FMeota F6im 1/77 

9- Aocoiqpauiying docwnents: A patent appUaidoa 
must include: a description of the invention. 
Not counting diiplkzatea, pieaw enter the number 
of pages of each item accozniKUiy^ing thi^ form: 

Contiaxiatioo jhccia of thislbitn 




Abstract 

Drawii^v; 



6 



10. Ifyousuealaofningaxxyof thcfoUo^o^, 
state tiow many s^gadxtst cacti itcttu 

Prtoiity documents 

Ttemslattonj of pi i urity <ipcuipcnts 

Statement of Inrentorahip and dght 
to snmt cyf p«tet4; CFiwattR Rxm 7/773 

Beqnest tor a pxeHtninuy- cxainimtion 

and searc h CPlttcots Form 9/77) 

Itequest for a subsUutivc examination 
Any other documents <p!ca«e «pe«tf» 




11. VWc xeqiiest the snun ofa |Mttent on tbe Ijasis of this apf^icztion. 


Daie 




12. Name, da)rtiinc telephone munber and 

e^nailaddrcas, Ursmy, ofpersoatocotttaciin rw^ ta— j 
die United Kingdom l»JSJ& 3Cf^€Ki 




sea. 



After an application ftw a patent lias been fifed, tlie ComptPoUer of dtt: nifient Office will ooaaldcr whetlier puWicstloa or 
communicacion of Ok irn^on abouki be f»x>hibi«ed or ttmicosd under Section 22 of the Fmtenti Act 1977. You wlU be infainiied if It 
is Jieccssary to pcoUblt ceatiict iphut Isvciitiofi In dils way. POrrficrmOfc, tf you Ihreia die Unittd Kiflftdom, Sccdoo 2i of die Paicnia 
Act 1977 Jtopa you torn ipplytog tar a patent abroad widiout Urn gettios writte& penniaakm ton die Patent Office unleas an 
W^<» baa been nied at tea* 6 weeks beforehand in tbe Untt^ 
pi»bibftii« pubilcation « cookoivnicadon ha^ 

*> 

b> 

c> T^t»wisa«cnoi«b»pa«fhraflthere]cwmd*rtaJb 

write **aec contiftuatioa ahcec* In the rclevam panOO. Any contimiatlon dwet diould be attached to this Itonn. 

«^ ^T^luEVC acttwcrcd YES in parts, aPinentslVifm 7/77 wf^ 

c) Once yon bare fUlediQdkefbmiycMAQCtiCTHoilxrtngte and date it. 

^ »»«'«*«»WoxUybcc«nplcicrfwh«^adtvtriwiaIaw 

inadc under 5«iiooa(3>.12<<S)oc37C4> follow^ By conipleilfwpaitT you awreqiicsiiiig that diis 

applicttlontatotiMsameflllnfidateaaaiieartoUKai^ If you die new application to have tbe same pttortty date<^ 

29 the caxixcr UK appUcatlon, you aboukl al»o complete pan 6 witb tlae priority detaOs. 



If you need he^i to AH m thla torn or yoo bavc any questlofis. ptease contact die Paacm OfiHcc on. S00S05. 
Wwera ia capiBd letccia oatoft biacie iBk cr you nu^ type diem. 



Patents Fbnn 1/77 



13 Rue 2004 14:55 



JEPSEN 




45561G9344 



s • 4 



DUPLICATE 



APPARATUS AND METHOD TOR COM^fUNICATXlirG USER EQUIPMENT 
SFSCIFZC ZNFORHATXON IN CJSLLUIAR COMKONZCATZON SYSTEM 



The invention relates to an apparatus and method fox 
communicating user equipment specific information in 
10 cellular CMimunication system and in particular, but not 

exclusively, to coimnunication of transmit power control and 
synchronisation data* 



15 Background of 'the Ztivantion 

In the last decades, cellular commanication systems for 
mobile comnrunication have become commonplace. Originally 
cellular ccxnmunication systems provided only voice sexvices 
20 but over time an increasing number of services have been 
provided either through enhancements to existing cellular 
communication systems or through the development of new 
cellular communication systems. 

25 For example^ 3rd generation cellular communication systems 
have been^ and are being, standardized by the 3rd Generation 
Partnership Project (3GPP) , These 3rd generation cellular 
communication systems have been standardised to provide a 
large number of different services aimed at different 

3D applications. 
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In particular data packet services suitable for data 
comnunicatioa are supported by most cellular communication 
systems. For example, downlink packet data services are 
supported within the 3GPP release 5 specifications in the 
5 form pf the High Speed Dovmlink Packet Access (HSDPA) 

service. In this system/ transmission code resources are 
shared amongst users according to their traffic needs. The 
base station or *"Node-B'*' is responsible for allocating and 
distributing the resources to the users ^ within a so-called 
10 scheduling task. 

The allocation information itself is transmitted to the 
users via a High speed - Shared Common Control CHannel (HS- 
SCCJl} . This furnishes the user equipment {OE} with 
16 knowledge of the forthcoming transmission on the HSDPA 

shared resources (the High Speed - Downlink Shared CHannel - 
HS-DSCH) . The UE can thus prepare itself and configure Its 
. receiver appropriately for the transmission. 

20 In addition to these shared resources used for data and 
signalling purposes, the current release 5 specifications 
mandate the existence of associated uplink and downlink 
Dedicated Physical CHannels (DPCH^s)* 

26 In accordance with the 3GPP specifications^ the HSDPA 

service may be used in both Frequency Division Duplex (FDD) 
mode and Time Division Duplex (TDD) mode. 

Tor the FDD mode^ the purpose of these channels is: 
30 Downlink DPCH: 
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to potentially carry data from the layers above 
the physical layer (provided that any data is mapped to 
the Dedicated CHannel CDCH) } 

to carry Transmit Power Control (TPC) commands to 
5 the UE to control the uplink DPCH 

• to carry downlink pilot symbols to the UE (these 
symbols axe used to derive channel quality feedback for 
transmission to the base station and to facilitate 
demodulation of downlink signals) 

10 

Uplink DPCH: 

to carry data from the layers above the physical 

layer 

to carry TPC feedback for the downlink DPCH 

16 

For the TDD mode, the purpose of these channels is: 

1.28Mcps TDD service 

to carry data from the layers above the physical 
20 layer (provided that any data is mapped to the DCH) 

to carry TPC data for the uplink DPCH power 
control 

to carry SS for uplink DPCH synchronisation 

25. 3,84Mcps TDD Service 

♦ to carry data from the layers abcve the physical 
layer (provided that any data is mapped to the DCH) 

A disadvantage of the current approach for HSDPA is that the 
30 assignment of a dedicated channelisation code to each active 
user equipment consximes a large fraction of the available 
code resources. The channelisation code is used by the Code 
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Division Multiple Access (CDMA) system to separate between 
data for different user equipment . In a 3rd Generation 
cellular communication syatemp the number of available 
channelisation codes that can be used by a base station is 
6 significantly limited on the downlink for FDD and TDD, and 
on the uplink for TDD. In addition, the transmit power 
associated with transmission of the control information to 
the individual user equipment causes interference to other 
communications. Accordingly the current approach may 
10 significantly reduce the code and power resources available 
for use by other channels^ such as for the HS-DSCH. 

The HS-DSCH is especially efficient at handling bursty user 
traffic profiles, such as are cornmon in packet-data 

15 communication systems. Dedicated channels on the other hand 
are generally more suited to constant bit rate applications, 
such as voice^ and some types of video conferencing 
technologies. , These services are generally termed 
''^conversational class'' services- Khen using HSDPA packet 

20 data services without the existence of parallel 

conversational class services, it is possible to map all 
higher layer data for downlink onto other downlink transport 
channels than the DCH. In such situations, only very little 
information is communicated on the DPCH physical channel. 

25 

Specifically, only the following information may in some 
cases be carried by the DPCH: 

TPC commands for uplink DPCH power control 
Dedicated pilot ayiabols for downlink 




FDD 

30 
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1,28 Mcpa TDD 

TPC commands for uplink DPCH power control 

• SB coniniands for uplink DPCH aynchroniaatioh 

5 3.d4Hcps .TDD 

• <no U5es> 

As the data rate for this information is extremely low, the 
use of a dedicated DPCH results in a highly inefficient 
10 communication- Therefore, it would be advantageous if a more 
^f'^tcL&txt means of communicating dedicated UE specific 
information to individual UEs could be found. In particular/ 
it would be advantageous to more efficiently carry the 
TPC/pilot/SS information to the user equipment such that the 
15 requirement for an associated downlink DPCH to exist with 
each HSDPA service could be removed or relaxed. 

One solution which has been proposed is known as the 
^^fractionated DPCH" {F^DPCH) concept. This approach ia only 

to improve the channelisation 
code efficiency of HSDPA. In this concept, for HSDPA ^data- 
only'' users (ie: those with no conversational -class 
traffic), downlink signalling (DCCH) and traffic (DTCH) are 
not mapped to a DCH transport channel but are instead mapped 
25 to either the HS-DSCH or FACH transport channels. 

Furthermore, in the F-DPCH concept, the downlink code 
resources used for transmission of TPC and (possibly) pilot 
symbols are time multiplexed onto the same channelisation 
code which may be continuously transmitted- 

30 

However, although the proposed time multiplexing of data 
onto a transmitted channelisation code may be suited for 
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some applicat-ions, it may be disadvantageoua in other 
circumstancea • 

For exazT^le, the FDD F-DPCH concept is unsuitable for TDD 
6 ooTnmuni cation* 

Specifically^ the TDD data is transmitted in timeslota with 
a data portion either side of a midamble portion and a 
guard-period at the end of the burst. The midamble portion 
10 must be received in order to detect, demodulate and receive 
the data payload portions. Thus a whole timealot must be 
received to transfer any data. 

Furthermore for TDD, the maximum channelisation code 
16 spreading factor is 16, whereas for FDD it is 256. Thus, 
vfhereas the iriniiaum unit of transmission for TDD is one 
timeslot with one channelisation code at spreading factor 
16, the minimum transmission -unit for FDD may be much 
smaller and it is therefore much better suited for 
20 transmission of small amounts of UE specific data. For 

example, the mixnjLinum transmission unit for l,2dMcps TDD CI. 
timeslot, 1 code at SF16, QPSK modulation) communication 
comprises 88 bits. It is clear that the minimum 
txanaiaisslon unit for TDD is therefore too large to 
26 efficiently carry the TPC and SS information which is 
typically only 3 bits . 

Some of the above disadvantages may be alleviated through 
the use of a duty--cycle wherein data is transmitted to users 
30 using a single minimum transmission unit only one frame in 
every "''N^ frames. However, this has the disadvantage that 
the update rate of Che signalling is substantially reduced 
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and this will greatly impair the performance of the power 
control and syachronisation loops. 

Thus, the current approach for transmitting small amounts of 
5 DE specific information to individual UEs is inefficient^ 
cumbersome and may result in low update rate3. 

Hence, an improved system for coiTEmunicating user equipment 
specific information in a cellular communication system 
10 would be advantageous. 



16 Accordingly, the Invention seeks to preferably mitigate, 
alleviate or eliminate one ox more of the above mentioned 
disadvantages singly or in any combination. 

According to a first aspect of the invention there is 
20 provided an apparatus for transmitting user equipment 

specific information from a base station to a user equipment 
in a cellular communication system; the apparatus 
comprising: means for combining user equipment specific 
infoxination for a plurality of user equipment to generate 
26 combined ijser equipment specific information; means for 

encoding the combined user equipment specific information; 
and means for transmitting the combined user equipment 
specific information in a minimiam transmission resource 
unit. 

30 

The DE specific information may be control information. 
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The invention may allow a more efficient communication of 
user equipment (UE) specific information. In paxticular,. low 
amounts of UE specific information may efficiently be 
ccanmanicated with high update rates- For example, in 
6 situation^ where the UE specific information is 
significantly less than the capacity of a minimum 
transmission resource unit^ the overhead associated with 
communicating the informatiozi may be substantially reduced 

10 Embodiments of the invention may provide reduced 

interference, increased update rates, reduced transmit 
resource usage and/or improved performance of the cellular 
communication system as a whole. In particular, the cellular 
communication system's usage of code and power resources 

15 could be significantly improved and sys-tem capacity could be 
correspondingly increased. 

According to an optional feature of the invention, the 
minimum transmission resoiorce unit is a time slot. The 
20 invention may allow an efficient communication of UE 

specific information for a plurality of UEs in a single time 
slot. In embodiments, such as for the 3GPP TDD system, the 
minimum transmission resource unit m^y bo a channelisation 
code on a time slot. 

25 

According to an optional feature of the invention, the 
minimum transirJLssion resource unit is a single time code 
frequency resource allocation unit. 

30 The invention may allow an efficient communication of CJE 

specific information for a plurality of UEs in a single time 
code frequency resource allocation unit. The time code 
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f recuency resource allocation unit uses a single code in a 
time interval on a single frequency carrier. In embodiments 
wherein code division is not used^ the tine code frequency 
resource allocation unit will inherently be associated with 
5 a single code (corresponding to no spreading or 

channelisation or code division) . in embodiments wherein 
time division is not used, the time code frequency resource 
allocation unit will inherently be associated with a single 
time interval - 

10 

According to an optional feature of the invention, the means 
for encoding Is operable to jointly encode user equipment 
specific information for at least two of the plurality of 
user equipment, 

16 

The joint encoding may be such -hat encoded data relating to 
a first user equipment is determined in response to user 
®«I^iP'«ent specific information associated with at least a 
^^con<l user equipment. The joint encoding may be such that 
20 at least one data bit of the encoded data comprises 

information relating to HE specific information for more 
than one user equipment. 
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The feature may allow a more efficient comraunication of the 
UE specific information. For example, if three parameters of 
the UE specific information may take on five potential 
values p each individual parameter requires three data bits 
5 to represent the actual value. However, the total nuiriber of 

possible values for the three parameters is (5^) -125 

potential values. Hence a combined parameter value may be 
represented by seven bits rather than the nine bits required 

for individual coding. The optional feature m^y in some 
10 embodiments allow a binary signalling efficiency which is 

increased by combining the data streams for more than one 

• ' .V* . • ' ••••• . *. v'-r 

UE. 

According to an optional feature of the invention, the means 
for encoding is operable to jointly encode user equipment 
15 specific information associated with all user equipment of 
the plurality of user equipment. This may improve the 
encoding efficiency. 

According to an optional feature of the invention, the 
20 encoding comprises forward error correcting coding. This may 
improve performance of the communication of the UE specific 
information • A joint forward error correcting coding may be 
applied to UE specific information for a plurality of OEs. 
This may provide enhanced error correcting performance 
25 compared to only applying the error correction to individual 
data for a single UE. In particular improved time diversity 
may be achieved. Interleaving may be performed as part of 
the forward error correction coding « 

30 According to an optional feature of the invention, the user 
equipment specific information comprises a plurality of 
parameters each having a number of possible values, and the 
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means for encoding is operable to encode the plurality of 
parameters by encoding a combined parameter having a 
combined number of possible values equal to the product of 
the niunber of possible values of the plurality o£ 
5 parameters. This provides for improved efficiency and/or 
facilitated implementation. For example, a first parameter 
having five possible values^ a second parameter having six. 
possible values and a third parameter having seven possible 
values may be encoded by encoding of a combined parameter 
10 having 5*6*7=210 passible values, i.e. by eight bits rather 
than 3*3«9 bits. 

According to an optional feature of the invention^ the user 
equipment specific information comprises power control 

15 information. The invention may provide an efficient means 
for communicating power control information. In particular, 
a low overhead and/or high update rate may be achieved* 
Power control information typically comprises small amounts 
of information to be communicated at a sufficiently high 

20 data rate and the invention may therefore provide a 

particularly advantageous means of operating a power control 
loop over the air interface. 

According to an optional feature of the invention/ the user 
25 equipment specific information comprises synchronisation 
information . 

The synchronisation information may e.g. be code 
synchronisation and/or timing synchronisation including data 
30 symbol timing synchronisation • 
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The Invention may provide an efficient means fox 
communicating synchronisation information- In particular^ a 
low overhead and/ or high update rate may be achieved . 
Synchronisation information typically comprises small 
5 amounts of information to be communicated at a sufficiently 
high data rate and the invention may therefore provide a 
particularly advantageous means of operating a power control 
loop over the air interface . 

10 The UE specific information may in some embodiments consist 
in power control infonnatior and synchronisation. 

According to an optional feature of the invention, the user 
equipment specific information comprises only 
16 synchronisation information* This may improve the efficiency 
of communication of control Information in some systems as 
the data rate may be reduced. For example, power control may 
be achieved through other means such as open loop power 
control loop methods. 

20 

According to an optional feature pf the invention, the uaer 
equipment specific information is associated with an uplink 
channel from each of the plurality of user equipment. 

25 The uplink channel may for example be a dedicated physical 
channel of the cellular communication system and the user 
equipm.ent specific information may be control information 
associated with the uplink channel. The invention may thus 
provide an efficient means of e.g. controlling or managing 

30 an uplink channel by transmission of downlink data using 

little communication resource and having a high update rate. 
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According to an optional feature of the invention, the 
apparatus further comprises means for setting a transmit 
power for the minimum transmission resource unit in responsi 
to a transmit power requirement of the plurality of user 
5 equipment . 



Specifically, a required or desired transmit power may be 
determined for each uaer equipment of the plurality of us( 
equipment and the transmit power of the miniinum transmission 
resource unit may be set to the highest determined transmit 
power. This may ensure an efficient communication with low 
transmit power resource use while ensuring that ail user 
equipment of the plurality of user equipment receive a 
signal of adequate quality. 



15 



According to an optional feature of the invention^ the 
apparatus further comprises means for transmitting position 
information indicative of a position of user equipment 
specific information for a first user equipment. 

20 

The position information may indicate the position of data 
for the first user equipment within the minimum transmission 
resource unit. The position information may enable or assist 
an individual user equipment in determining the user 
25 specific data for that individual user equipment within the 
combined information stream. The position information may be 
an explicit and/or direct indication or may for example be 
an associative and/or indirect indication. 

30 According to an optional feature of the invention, the user 
equipiaent specific information is control information 
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associated with a High Speed Downlink Packet Access (HSDPA) 
service - 

The High Spaed Downlink Packet Access (HSDPA) may 
5 specifically be the HSDPA service specified by the 3"^"^ 
Generation Partnership Project (3GPP) . The invention inay 
thus provide for an efficient communication of control 
information for an HSDPA service and may in particular 
provide for an efficient control or feedback for uplink 
10 ccacimunication. 

According to an optional feature of the invention^ "he user 
equipraent specific information is associated with an uplink 
dedicated physical channel (DPCH) of the HSDPA downlink 
15 packet data service. 

In particular, the DPCH may be an uplink dedicated physical 
channel (DPCH) as standardized by 3GPP, The invention may 
provide an extremely efficient control of i::plink DPCH 
20 channels with a low resource use and a high performance due 
to a high update rate . 

According to an optional feature of the invention, the means 
for encoding is operable to encode the combined user 
25 equipment specific information by using processing 

algorithms of a group of algorithms used by a plurality of 
services. 

The plurality of services may be dedicated or shared 
30 channels and may correspond to data communication using 

other physical or logical channels than used for the minimum 
transmission resource unit. Specifically for a 3GPP 
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einbodiinent/ the encoding of the UE specific information may 
use standardised 3GPP transport channel processing methods. 
Thus a toolbox of standardised algorithms and processes may 
be used to map the multiplexed, concatenated, or otherwise 
5 combined user data from the plurality of users to common 
physical iresources. This may facilitate encoding and may 
allow for reduced complexity of the apparatus aa 
functionality may be shared. 

10 According to an optional feature of the invention, the 
cellular coronunlcation system is a Time Division Duplex 
<TDD) cellular communication system. 

The cellular communication system may specifically implement 
15 the 1.28 Mcps mode variant of the 3GPP TDD system- The user 
equipment specific information may be user equipament 
specific information associated with a TDD uplink 
ccxranunication. 

20 According to an optional feature of the invention, the 
cellular communication system is a UTRA (QMTS {Universal 
Mobile Telecommunication System} Terrestrial Badio Access) 
TDD cellular communication system specified by the 3rd 
Generation Partnership Project. The invention may provide a 

25 particularly advantageous and efficient means of 

communicating UE specific information specifically suitable 
for and compliant with the UTRA TDD system- 
According to an optional feature of the invention, the user 
30 equipment specific information consists of Transmit Power 
Control (TPC) and Synchronisation Shift {S3) data. The 
invention may provide a particularly advantageous and 
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efficient means of communicating TPC and SS data in a DTEUV 
TDD system. Tlie invention may allow a reduced resource use, 
improved performance and/or increased update rate. For 
example, an efficient and frequent coiramini cation of TPC and 
5 SS data may be accomplished resulting in improved 
performance of an associated uplink DPCH. 

According to an optional feature of the invention, the 
apparatus further con5>rises means for determining a transmit 
10 power of the minimum transmission resource unit in response 
to a number cf user equipment for which the minimum 

transmission resource unit comprises uaer equipment specific 
information. 

15 This may improve the reliability of the communication and/or 
may reduce the resource use and/or caused interference. For 
example, if Ufi specific information is comraunicated only to 
a few users, increased redundancy may be introduced and the 
transmit power may be reduced, 

20 

According to an optional feature of the Invention^ the 
apparatus further comprises means for determining an 
encoding process for the minimum transmission resource unit 
in response to a number of user equipment for which the 
25 minimum transmission resource unit comprises user equipment 
specific information. 

This may improve the reliability of the communication and/or 
may reduce the resource use and/or caused interference. The 
30 encoding process may for example include a forward error 
correcting coding process. For example, if DE specific 
information is communicated only to a few users ^ a high 
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performance forward error correcting code (with high 
redundancy and thus low data rate) may be used with a 
reduced transmit power. 

5 According to an optional feature of the inventionr the 
minircium transmission resource unit does not comprise 
verification data . 

This lEiay provide a reduced overhead and may exploit that 
10 general reliability of the miniitium transmission resource 

unit is typically not important to the individual UE as only 
errors in the UE specific information for the UE will have 
an impact. Errors experienced by a UE In the UE specific 
information may not directly affect the reliability of the 
15 information for other USs • 

According to an optional feature of the invention, the means 
for transmitting is operable to transmit user equipment 
specific information for a first user in intermittent 
20- minimum trajcismiaglon resource units. 

For example^ UE specific information fox a specific DE may 
only be transmitted in every other minimum transmission 
resource unit. This may improve the comiuuni cation efficiency 
25 and may provide an increased flexibility of the resource 
allocation for communication of UE specific information. 

According to an optional feature of the invention, the 
minimum transmission resource unit corresponds to a minimum 
30 size transmission block of user equipment specific 
information which can be transmitted by the means for 
transmitting . 
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In some eSRbodiiuenl^s / the minimum tiransmission resource unit: 
may be the smallest data block which can be allocated by a 
resource scheduler for transmission by the means for 
5 transmitting. Specifically, in some embodiments^ the minimum 
transmission resource unit: may be the smallest data block or 
unit which can be transmitted individually in accordance 
with the specifications of the cellular communication 
system. For example, for a 3GPP TDD communication system, 
10 the minimum transmission resource unit may be a single 
channeliaatjicn code in a single time slot on a single 
carrxer . 

The apparatus may be a base station also known as a Node B 
16 in some cellular communication systems. 

According to a second aspect of the invention, there is 
provided a user equipment fox receiving user equipment 
specific information from a base station in a cellular 

20 communication system; the apparatus comprising: means for 
receiving a minimum transmission resource unit comprising 
combined user equipment specific information for a plurality 
of user equipment; and means for determining user specific 
info irinat ion for the user equipment from the minimum 

26 transmission resource unit. 

According to an optional feature of the invention the 
combined user equipment specific information is jointly 
encoded; and the means for determining comprises means for 
30 decoding the combined user equipment specific information 
and for selecting the user equipment specific information 
for the user equipment. 
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According to a third aspect of the invention, there is 
provided a cellular communi cation system coit^rising: a first 
apparatus for transmitting user equipment specific 
5 inforiaation from a base station to a user equipment^ the 
first apparatus comprising: means for combining user 
equipment specific inforniation for a plurality of user 
equipment to generate combined user equipment specific 
information^ means for encoding the combined user equipment 

10 specific information, and means for transmitting the 

combined user equipment specific information in a minimum 
transmission resource unit; and the user equipment 
contqprising: means for receiving a minimum transmission 
resource unit comprising combined user equipment specific 

16 information for a plurality of user equipment; and means for 
determining user specific information for the user equipment 
from the minimum transmission resource unit. 

According to a fourth aspect of the invention, there is 
20 provided a method of transiaitting user equipment specific 
information from a base station to a user equipment in a 
cellular communication system; -he method comprising the 
steps of: combining user equipment specific information for 
a plurality of user equipment to generate combined user 
25 equipment specific information; encoding the combined user 
equipment specific information; and transmitting the 
combined user equipment specific information in a minimum 
transmission resource unit. 

30 According to a fifth aspect of the invention, there is 
provided method of receiving user equipment specific 
information from a base station in a cellular commiinication 
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system; the method comprising the steps of r receiving a 
minimum transmission resource unit con^rising combined user 
equipment specific information for a plurality of user 
equipment; and determining user specific information for the 
6 user equipment from the minimum transmission resource unit. 

These and other aspects r features and advantages of the 
invention will be apparent from and elucidated with reference 
to the embodiment <s} described hereinafter, 

10 

Bria^ DesoripUon of tJM awlngs 

An embodiment of the invention will be described, by -way of 
16 example only, with reference to the drawings, in which 

FIG. 1 illustrates a cellular communication system in 
accordance with an embodiment of the invention; and 

20 PIG, 2 illustrates an example of an encode processor for a 
base station in accordance with an embodiment of the 
invention. 

25 DtttAilod pe9crxpt±on o£ mxt Krabodiment o£ the Invttn^lOA 

FIG. 1 illustrates a cellular communication system 100 in 
accordance with an embodiment of the invention - 

30 The cellular communication system 100 comprises a base 
station, henceforth referred to as a Node B 101 in 
accordance with the terminology used for 3""*^ generation 
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cellular communication dy9tem9. The Node B 101 communicates 
with a plurality of User Equipment (UE> (of which only one 
1Q3 is ahcwn) as is well known by the person skilled in the 
art. 

6 

The UE 103 luay be a subscriber unit, a wireless user 
equipment, a mobile station, a communication terminal, a 
personal digital assistant, a laptop ccwmputer, an embedded 
communication processor or any cotnmuriication element capable 
10 of comrounicating over the air interface of the cellular 
communication system. 

The Node B 101 is further coupled to a fixed network which 
interconnects base stations and la operable to route data 
16 between any two base stations, thereby enabling a UE in a 
cell to cornraunicate with a UE in any other cell. In 
addition, the fixed network comprises gateway functions for 
interconnecting to external networks such as the Public 
Switched Telephone Network (PSTN), thereby allowing UEs to 
20 communicate with landline telephones and other comnumication 
terminals connected by a landline. Furthermore, the fixed 
network comprises much of the functionality required for 
managing a conventional cellular communication network 
including functionality for routing data, admission control, 
25 resource allocation, subscriber billing^ mobile station 
authentication etc. The fixed network may specifically 
include Radio Network Controllers CRNCs) and a core network 
as well known to the person skilled in the art. 

30 In the embodiment of PIG. 1, the Node B 101. supports one or 
more services of the UE 103. In the example, the Node B 101 
frequently communicates very small amounts of data to- the UE 
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103, The data is UE specific information that is not 
applicable or relevant to other UEa, The UE specific 
information may be data which is part of a communication 
service provided to the UE 103 or may be data which ia 
5 communicated in support of the services provided to the UE 
103. 

As a specific example, the Node B IQl m^y in the embodiment 
of FIG- 1 transmit 3 bits of data to the L"E 103 every five 
10 maec. 

In addition, to the transmission to the UE 103, the node B 
101 may also support similar services for a number of other 
UBs. Hence, the Node B 101 must communicate a potentially 
15 large number of very small data blocks to individual UEs. 
Conventionally, this is very inefficient in cellular 
communication systems and results in a large overhead and 
very high resource consumption per transmitted data bit. 

20 In accordance with the embodiment of FIG. 1, the Node B 101 
comprises a Node B controller 107. The Node B controller 107 
is operable to implement the f ixnctionality desired or 
required by a Node B 101 as is well known to a person 
skilled in the art. 

25 

In the example of FIG- 1, the Node B controller 107 is 
coupled to a Node B transceiver 109 which is operable to 
transmit and receive data over the air interface of the 
cellular oomiaunication system. In the specific embodiment, 
30 the Node B controller 107 is operable to generate control 
information for the individual UEs in response to signals 
received from the UEs . For example, the Node B controller 
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107 may generate uplink power control or s^'nclnjconi9at±Qn 
(e.g. code timing synchronisation) data for each individual 
UE. 

5 The Kode B controller 107 is coupled to a combine processor 
111. In accordance with the embodiment of FIG, 1^ the 
combine processor 111 is operable to canLbine user eG[u±pment 
specific information fox a plurality of user equipment to 
generate combined UE specific information. For example, the 

10 combine processor 111 may receive power control and 

synchronisation data froan the Node B controller 107 and 
combine these into a single block of control data comprising 
information for a group of UEs . 

15 The cocnbine processor 111 Is coupled to an encode processor 
113 which receives the combined DE specific information from 
the combine processor 111. For example/ the encode processor 
113 receives the data block of power control and 
synchronisation inforiaation from the cozobixie processox 111. 

20 

The encode processor 113 is operable to encode the combined 
UE specific information to generate data suitable for 
transmission. In the embodiment of FIG. 1/ the encode 
processor 113 performs error correcting coding, interleaving 
25 and symbol mapping for transmission. 

In some embodiinents, the encode processor 113 encodes data 
for each UE individually and independently of the data for 
other UEs, However, as described later, the encode processor 
30 113 may in other embodiments perform a joint encoding 
wherein the data for different UEs is encoded together 
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resulting in encoded da-La which depends on UE specific 
information as30CiaLted with more than one UB. 

The encode processozr 113 thus encodes the combined UE 
5 specific information and feeds it to the Node* B transceiver 
109 which transmits it over the air Interface in a miniiaiom 
transmission resource unit. 

Hence, in accordance with the embodiment, a minimum 
10 transmission resource unit is generated which comprises CJ£ 
specific infontiation for a plurality of UEs . Hen.ce/ the 
embodiment may allow for UE specific information to be 
transmitted efficiently in granularities significantly lower 
than the resource granularity corresponding to the minimum 
15 transmission resource unit. 

The minimum transmission resource unit typically depends on 
the specific embodiment. 

20 The minimum transmission resource unit may be a single time 
code frequency resource allocation unit. For example in 
cellular communication systems r a resource allocation may 
generally allocate resource in the form of a resource unit 
corresponding to a specified carrier frequency , a specified 

25 time interval and a specified code division code. Thus, the 
minimum transmission resource unit may be the smallest time 
interval which can be allocated for one carrier and one 
code. Specifically, the minimum transmission resource unit 
may be a time slot of a Time Division Multiple Access (TDMA) 

30 ox Time Division IXiplex (TDD) cellular communication system. 
In some communication systems, code division is not applied 
and the minimum transmission resource unit may be determined 
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by the remaining paraioerers used for separation between UEs 
- e.g. hy time slots and carrier frequencies. 

In some embodiments ^ other cons-rainta may limit the minimum 
5 size of resource units. Hence ^ the minimum size of a 

resource unit used in a cellular communicat.ion system may be 
determined by limitations in technical specifications which 
have been standardised or by implementation constraints. 

10 The minimum transmission resource unit may be the smallest 
resource unit which can be transmitted continuously by the 
Node B transceiver 10 9. 

Hence, in accordance with the embodiment, the Node B 101 is 
15 capable of transmitting DE specific data of a size much 

smaller than the minimum transmission resource unit without 
incurring an overhead determined by the size of the minimum 
transmission resource unit Hence, a much mora efficient 
communication of small amounts of U£ specific information is 
20 achieved. 

The UE specific information for a plurality of UEs may for 
example be transmitted in a single time slot using the same 
channelisation code. The individual UEs may then receive the 
25 time slot, decode the time slot and retrieve the QE specific 
information for the individual UE. 

Accordingly, the UE 103 comprises a U£ transceiver 115 which 
receives and transmits data over the air interface. 
30 Specifically^ the UE transceiver 115. receives the minimum 
transmission resource unit and feeds this to a UE data 
processor 117 . The UE data processor 117 Is operable to 



mug 2004 15: OB JEPSEM 455G1B9344 



26 

decode the minimum transmission resource unit and to extract 
the UE specific information for the specific UE 103. 

In the embodiment of FIG. 1, the UE 103 further comprises a 
5 UE controller 119 which implements all other functionality 
required by the UE 103 as is well known to the person 
skilled in the art. 

In the embodiment of FIG. X, the UE data processor 117 is 
10 coupled to the UB controller 119. Hence^ as an example^ the 
Node B 101 may transmit power control and synchronisation 
data for a plurality oz UEs in a single time slot on a 
single channelisation code. The UE 103 may receive zhxs 
transmission^ decode it and extract the power control and 
15 synchronisation data for the UE 103- This data may then be 
fed to the UE controller 119 which may adjust the transmit 
power and tixr±ng of the uplink transmissions accordingly. 
Hence ^ an efficient system for transmitting low data rate 
control information is provided. 

20 

In order for the individual UE to select the relevant data, 
it is necessary for it to have knowledge of which data of 
the received minimum transmission resource unit is for that 
DE. 

25 

This may be achieved in many ways. In the embodiment of FIG. 
1/ the Node fi 101 is operable to transmit data position 
information which is indicative of the position of UE 
specific information for the different user equipment- The 
30 position information may be transmitted in the minimum 

transmission resource unit or by another transmission. The 
position information may be direct and explicit. For 
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exampler a message may be transmitted by the Node B 101 to 
all UEs specifically associating a UE ld.er.tlty with each 
data of the minlmiam tranaznlssion resource unit. As z.he same 
association may be used for a large number of mlnlmura 
5 transxalsslon resource unitS/ the resource usage associated 
with transmitting the position information may be kept 
acceptably low. 

The position information may in some embodiments be provided 
10 indirectly by e.g. associative information. For example, the 
position information may be related to other system or UE 
parameters, and from knowledge of these system or OE 
parameters, the position of data from a specific UE may be 
determined. 

15 

In the following, a more detailed description of an 
embodiment of the Invention applicable to a 3GPP UTRA TDD 
mobile radio cominuni cat ions system is described. In 
particular, the descrip-ion will focus on communication of 

20 control information for a 1.28 Mcps TDD HSDPA service. 

However, It will be appreciated that the invention Is not 
limited to this application but may be applied to many other 
cellular communication systems. The emboditnent is compatible 
with the embodiment of FIG- 1 and will be described with 

25 reference to this. 

In the specific embodiment, downlink packet data services 
are offered by means of HSDPA and using the HS-PSCH 
transport channel. Within the system/ a fair proportion of 
30 HSDPA-active users do not have conversational-class traffic 
{ie: they are so-called data-only users) . Accordingly a 
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significant number of UEs tend to exhibit a bursty traffic 
profile* 

In tihe system^ an uplink dedicated physical channel (DPCH) 
5 Is associated with the HSDPA operation. A downlink 

dedicated physical channel is not configured. The uplink 
DPCH is controlled by information provided from the Node B 
101 • In particular, the code timing and transmit power 
levels are controlled by Transmit Power Commands <TPC) data 
10 and Synchronisation Shift (SS) commands transmitted from the 
Node B 101 • 

In the embodiment, the TPC command is binary, representing 
either ^^power-up** or ^*povrer-down''. The SS ccramauid is tri-- 
16 state representing either ^up''^ ^down" or ^dc nothing"'. 
Hence, in tlie example, the Node B 101 communicates six 
levels of control information at a rate sufficiently high 
for the dynair±G requirements of the power control "and the 
aynohronisation. 

20 

In accordance with the exemplary embodizuent/ the TPC and SS 
bits for each DE are not transmitted on an individual 
channelisation code of a time slot. Rather a. TDD minimum 
transmission resource unit Is used to convey information 
25 destined for a plurality of users within a cell. A single 
mlnimuzQ transmission resource unit (In this case one 
tlmeslot and one channelisation code) is used to communicate 
TPC and SS bits to a plurality of UEs, 



*13 Hug 2004 15:06 JEPSEN 



4556169344 



s* 8 




29 

Hence, in accordance with the eiT±>odiinent , the cconbine 
processor 111 of the IQode B 101 may combine the TPC and SS 
data bits generated for a plurality of UEs into a single 
data block which can be transmitted in one time sio- and 
5 with one channelisation code* Accordingly, one 

channelisation cocie is shared between a plurality of UEs 
thereby significantly reducing the number of channelisation 
codes used for communicating TPC and SS data and thus 
freeing up channelisation codes for other uses* 

10 In some such embodimentSf a new physical channel, henceforth 
denoted a Physical Layer Conunon Contr-ol Channel (PLCCH) , may 
be implemented for efficient communioation of TPC and SS 
data. The PLCCH may be implemented by transmission of 
messages on a single channelisation code of single -ime 

15 slots with each transmission comprising TPC and SS daiia bits 
for a plurality of UEs. As the PLCCH is shared between 
different UEs, the resource use is significantly reduced 
compared to the conventional approach for communication of 
TCP and SS data for HSDPA services, 

20 

In some embodiments, the PLCCH is implemented by the combine 
processor 111 generating a combined data block by including 
one TPC data bit and two SS data bits for each UE of the 
PLCCH meaisage. Furthermore, the PLCCH message may simply be 
26 generated and transmitted by the encode processor 113 
encoding the individual data bits of the data block in a 
suitable fashion. 

However, in other embodiments the encode processor 113 is 
30 operable to jointly encode the TPC and SS information which 
relates to a plurality of OEs- 
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For exeunplei. In order t:o send TPC ajid SS dat;a to a single 
user, A six-state value must be signalled (two possible 
values for t.he TPC and three possible values for the.SS 
data) . Rather than using 3 J^its to achieve t.his per user (1 
5 bit for TPC and 2 bits for SS) as per the current 3GPP 

specifications, the TPC and SS data for a plurality of UEs 
may be jointly encoded. 

For example, if the TPC and SS data for one uaer has 6 
10 possible values, the TPC and SS data for five OEs has 6^ =- 
7776 possible data values. Thus, by generating a combined 
parameter value comprising inforination of the TPC and SS 
data for five UEs, a 7776 state value must be encoded. This 
can be achieved by thirteen bits (2^^—8192) - In contrast, the 
15 individual encoding of the TPC and SS data will result in a 
requirement of 5*3'15 data bits. Hence a reduction in the 
number of data bits which must be transmitted is achieved. 

As another example, in the prior art, 10 users using 1 bit 
20 for TPC and 2 bits for SS would require a total of 10*3-30 
bits, and these would be distributed across multiple DPCHs 
(one to each user) . However, by jointly encoding the 
commands across users onto a common PLCCH, this could be 
achieved using 10*loga(6) = 25.85 jround up to 26) bits; a 
25 13% saving. Furthermore as this can be transmittied on a 
single PLCCH message a very substantial reduction in the 
resource use is achieved. 

It will be appreciated that the efficiency improveiaent may 
30 increase for increasing numbers of TPC and SS data being 

jointly encoded and that in some embodiments all TPC and SS 
data of a given PLCCH message may be jointly encoded. 
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In these examples^ to decode the TPC and SS information^ the 
UE would convert the received word Into a base 6 nuznber and 
select the digit position assigned to that u3er. The 
5 resulting, six-state value maps directly to both a binary TPC 
command and a tri-'State SS cominand. 

It will be appreciated rhat any suitable way of jointly 
encoding the information may be U3ed in accordance with the 

10 embodiment. For example, a simple one to one mapping between 
a block of TPC and SS bits for a plurality of UEs and an 
encoded PLCCH symbol representing the combined state may be 
inplemented. The mapping may for example be implemented by a 
simple look-up table* The DE 103 may simply perform the 

IS joint decoding by implementing the reverse one to one 

mapping and selecting the appropriate TPC and SS data bits 
of the result. 

An example of an encode processor 113 using joint encoding 
20 is shcvm in FIG. 2. The encode processor 113 of FIG. 2 

comprises N input circuits 201 which receive the TCP and SS 
data bits from the Node B controller 107. The TCP and SS 
data bits for each UE are converted into a value in the 
range from 0 to 5 (inclusive) in state con\'erters 203. The 
25 output values of the state converters 203 are added in a 

summer 205. The sum is then encoded into a binary PLCCH word 
by a binary encoder 207. The resulting PLCCH word is then 
fed to a physical layer encoder 209 which generates the 
PLCCH message that is fed to the Node B transceiver 109 for 
30 transmission. 
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In the example, the physical layec encoder may encode the 
PLCCH using ^ rate or 1/3 rate convolutional or 1/3 rate 
turbo coding, or uaing no coding {as per the standard 3GPP 
release 99 transport channel procesalng) . Hoiireverr it 
5 should be understood that e.g. any generic forward error 
correcting entity could be used in its place^ such as block 
codes, repetition codes, concatenated coding sch^ues etc. 

In some embodiments, the encode processor 113 is operable to 
10 encode the PLCCH word by using processing algorithms of a 
group of algorithms used by a plurality of services. 

Specifically, once constructed, traditional 3GPP transport 
channel processing could be employed to map the PLCCH word 
15 onto the physical channel (s). This means that the coding 
retains the full flexibility of the Layer 1 transport 
channel processing toolboxr and the PLCCH may be adapted to 
varying numbers of users (affecting the information bit 
xate) and to various system deployments and conf igura-tions. 

20 

As such, a transmit power or an encoding process for the 
PLCCH message may be determined in response to a number of 
UEs for which the minimum transmission resource unit 
comprises tJE specific information. For example, for a small 
25 number of users, a low forward error correction code rate 
could be employed [this has more redundancy and requires 
less transmission power) , whereas for a larger number of 
users a progressively higher code rate could be used (having 
less redundancy and higher transmit power requirements) • 

30 

Additionally, if one physical channel transmission unit is 
not sufficient to carry the data for all of the intended 
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users r a further physical channel may be used. The data 
destined for each physical channel may he handled by an 
encoder separately for eachf or it may be encoded together 

by a single encoding uiiit and separated only at the output 
5 of the encoder. The formation of the PLCCH would thus 

resemble that of FIG. 2 for n-l...!;; UK" s using the PLCCH, In 

this example, the data destined for multiple physical 

channels is encoded usirtg a single encoder, 

10 Thus, the use of a common TPC/SS physical channel (the 
PLCCH) may provide advantages in many embodiments . 
Specifically, for- a given TPC/SS update rate, overall 
transmission povrer resources are reduced when compared to 
multiple DPCH or special burst transmissions • Furthermore/ 

15 the code resources used for the transmission of TPC and SS 
information to the multiple users are greatly reduced (many 

downlink DPCH's are potentially replaced by a single PLCCH) . 

t 

A further and substantial benefit is that the uplink power 
20 control and synchronisation update rates may be maintained 
if desired, whereas when using special bursts or multi~f rame 
DPCH's (transmitted only every m^^ frame) ^ the update rate is 
correspondingly slower. (As will be Icnown to the person 
skilled in the art special burs-s are transmitted as a 
26 ''keep-alive'' signal at certain regular periods when no 

higher layer data is available to map to a physical channel. 
In the time between special burst, discontinuous 
transmission (EOTC) is used] . 

30 However/ in some embodiments the Node B may be operable to 
transmit TCP and SS information for a given DE in 
intermittent PLCCH messages. 
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For exan^le^ the framing 3tr\ictu« of 1.28Mcps TDD is 
repeated every subframe (Sms) and In aome examples the PLCCH 
may not need to be transmitted in every subfraxae, Thia 
5 would allow flexible use of system resources as the number 
of UEs actively using the PLCCH is increased or decreased. 
Howeverr there is of course some degree of trade-off in that 
the TPC and SS update rates are also a function of how often 
the PLCCH is transmitted. 

10 

Additionally, the infoxanation for a given user need not be 
present in each PLCCH instance. This would enable the 
system to handle higher loads without conauming more 
resources « at the expense of a slower TPC and SS update 
15 rate. Conversely, more resources could be used to handle 
higher loads without camprcMnising TPC and SS update rates. 

As a specific example, assuming a ^ rate convolutional code 
is used, the minimum transmission unit of 88 channel bits (1 
20 code at SF16, QPSK) would be able to convey 3 6 information 
bits. At log2(6) bits per user, this could carry TPC and SS 
streams for approximately 14 users. 

If ::he PLCCH were transmitted once per Sms subframe, and the 
25 TPC and SS update rate for the uplink DPCH was once every 

(say) 10 or 2Gms, it is clear that a single PLCCH could 

serve all active data-only HSDPA users in the cell <28 users 

at 10ms update rate, or 56 users at 20ms update rate). 

Here, a total of 13 SF16 downlink channelisation codes 
30 (previously used for downlink DPCH) are f reed-up for use by 

other channels such as HS--DSCH by means of the invention. 

By being able to more efficiently use these codes, the 
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system is able to serve higher data -throughputs In each 
cell. 

In some embodirnenta, the Node B 101 may coioprise means for 
5 setting a, transmit power for the PLCCH In response to a 
transmit power requirement o£ the plurality of user 
equipment. Specifically, the Node B controller 107 may 
calculate a suitable po'xrer level for each U£ addressed by 
the PLCCH message^ and the transmit power may be set to the 
10 highest of these values as this should ensure that the PLCCH 
message can be received by all UEs. 

In general, the PLCCH must be received by ituiltiple UE's and 
for this reason it is impractical to minimise the 

15 transmission power separately for each individual user* 
Although this may result in some power efficiency loss for 
the TFC and SS symbols, a far greater power saving is 
generally made due to the fact that the redundant data 
payload portions (ie: the non-TPC/SS symbols) of the 

20 downlink DPCH (or so-called /^special bursts) no longer need 
to be transmitted. 

Simplisticallyr if e.g. 4 users had Dl, the DPCH powers Pi,. 
Par P3f and these could be replaced by a single channel 

25 of power Po = max(Pi^ Pa, P4) , then it follows that Po < 

(P1+P2 + P3+P4) . 

In some embodiments the PLCCH message may only compriae 
synchronisation commands with the uplink power control being 
30 achieved by other means (eg: using open-loop power control 
methods) • . 
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In some embodimentia, the PLCCH does not coropjrise 
verification data. 

Since the PLCCH message contains information for a plurality 
6 of users, it ia not of importance that all of the data is 
received correctly by each UE. The blocic or frame error 
rate (BLER or FER respectively) is thus not of particular 
relevance in determining TPC or SS error performance, 
Esther the post^decoded bit error rate (BER) has the most 
10 direct relevance to TPC and S3 performance. Because of 
this, there is typically no explicit need to protect the 
integrity of the data block with a cyclic redundancy check 
(CRC) or other checksum technique. 

16 The invention can be implemented In any suitable form 

including hardviare, software, firmware or any combination of 
these. However, preferably, the invention is implemented at 
least partly as computer software running on one or more 
data processors and/or digital $ignal processors. The 

20 elements emd components of an embodiment of the invention 
may be physically, functionally and logically implemented in 
any suitable wa.y. Indeed the functionality may be 
implemented in a single unit, in a plurality of units or as 
part of other functional units . As such,, the invention may 

25 bo implemented in a single unit or may be physically and 
functionally distributed between different units and 
processors . 

Although the present invention has been described in 
30 connection with the preferred embodiment, it is not intended 
to be limited to the specific form set forth herein. Rather, 
the scope of the present invention is limited only by the 
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accompanying claims - In the claima, the term comprising does 
not exclude the presence of other elements or steps. 

Furthermore/ although individually listed, a plurality of 
means, elements or method steps may be implemented by e.g. a 
5 single unit or processor. Additionally, although individual 

features may be included in different claims, these may 
possibly be advantageously combined, and the inclusion in 
different claims does not imply that a combination of 

features is not feasible and/or advantageous. In addition^ 
10 singular references do not exclude a plurality. Thus 
references to "a", "an", "first", "second" etc do not 

preclude a plurality. 
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1. An apparatus for transmitting user equipment specific 
5 information from a base station to a user equipment in a 

cellular coioxnunication system; the apparatus comprising: 

means for coml^ining user ecfuipment specific information 

for a plurality of user equipment to generate combined user * 

equipment specific information; 
10 means for encocLing the coml^inedL user equipment specific 

information; and 

means for transitiitting the combined user equipment 

opecific information in a minimxuQ transmission resource 

unit . 

16 

2. An apparatus as claimed in claim 1 wherein the minimum 
transmi-ssion resource unit is a time slot. 

3. An apparatus as clainied in claim 1 wherein the minimum 
20 tzransmdssion resource unit is a single time code frequency 
resource allocation unit. 

4 . An apparatus as claimed in any of the previous claims 
wherein the means for encoding is operable to jointly encode 

25 user equipment specific information for at least two of the 
plurality of ueer equipment* 

5. An apparatus as claimed in claim 4 wherein the means 
for encoding is operable to jointly encode user equipment 

30 epeeific information aasociated with all user equipment of 
the plurality of user equipment* 
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€• An appara'tus aa claimed in claim 4 or 5 wherein the 
encoding comprises forward error correc1:ing coding 

7. An apparatus as claimed in any of the claims 4 to 6 

5 wherein the user equipment specific information comprises a 
plurality of parameters each having a number of possible 
values, and wherein the means for encoding is operable to 
encode the plurality of parameters by encoding a combined 
parameter having a combined number of possible values equal 
10 to the product of the number of possible values of the 
plurality of parameters* 

8. An apparatus as claimed in any of the previous claims 
wherein the user equipment specific infozrmatlon comprises 

. 15 power control Information. 

9. An apparatus as claimed in any of the previous claims 
wherein the user equipment specific Information comprises 
synchronisation information . 

20 

IG. An apparatus as claimed in any of the previous claims 
wherein the user equi|:menti specific information comprises 
only synchronisation information. 

25 11* An apparatus as claimed in any of the previous claims 
wherein the user equipment specific Information Is 
associated with an uplink channel from each of the plurality 
of user equipment. 

30 12 , An apparatus as claimed in any of the pxevloua claims 
further comprising means for setting a transmit power for 
the minimuin transmission resource unit in response to a 
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"transmit power requirement of the plurality of user 
equipment > 

13. An apparatus as claimed in any of the previous claixas 
5 further comprising means for transmitting position 

Infonnation indicative of a position of user equipment 
specific information for a first user equipment* 

14. An apparatus as claimed in any of the previous claims 
10 wherein the U3er equipment specific information is control 

information associated with High Speed Downlinlc Packet 
Access (HSDPA] service. 

15. An apparatus as claimed in claim 14 wherein the user 
15 equipment specific inforniation is associated with an uplink 

dedicated physical channel (DPCH) of the HSDPA dovmlink 
packet data service. 

16. An appa^ratus as claimed in any of the pirevious claim 
20 wherein the means for encoding is operable to encode the 

combined user equipment specific information by using 
processing algorithms of a group of algorithms used by a 
plurality of services. 

25 17. An apparatus as claimed in sa\y of the previous claims 
wherein the cellular communication system is a Time Division 
Duplex (TDD) cellular communication system* 

18* An apparatus as claimed in claim 16 wherein the 
30 cellular communication system is the UTRA (UMTS {Universal 
Mobile Telecammxxni cation System) Terrestrial Radio Access) 
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TDD cellular communication syst^ specified by the 3rd 
Generation Partnership Project, 

19. An apparatus as claimed in claim 18 wherein the user 
5 equipment, specific inCcrmation consists of Transmit Power 

Control (TEC) and Synchronisation Shift (SS) data- 

20. An apparatus as claiitted in any of the previous claiins 
further comprising means for determining a transmit power of 

10 the minimum transirtission resource unit in response to a 

number of user equipment for which the minimum transmission 
resource unit comprises user equipment specific information. 

21- An apparatus as claimed in any of the previous claims 
15 further comprising means for determining an encoding process 
for the minimum transmission resource unit in responae to a 
number of user equipment for which the minimum transmission 
resource unit comprises user equipment specific information, 

20 22. An apparatus as claimed in any of the previous claims 
wherein the minimum transmission resource unit does not 
comprise verification data. 

23. An apparatus as claimed in any of the previous claims 
26 wherein the means for transmitting is operable to transmit 
user equipment specific information for a first user in 
intermittent minimum transmission resource units. 

24* An apparatus as claimed in any of the previous claims 
30 wherein the minimum transmission resource unit corresponds 
to a minimum size transmission block of user equipment 
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specific infoxmatlon which cam be transmit: tied by the means 
for transmitting. 

25. An apparatus as claimed in any of the previous claims 
5 wherein the apparatus is a base stat^lon 

26. A user equipment for receiving user equipment specific 
information from a base st^ation in a cellular coznmunication 
system; the apparatus comprising: 

10 means for receiving a minimum transmission resource 

unit comprising combined user equipment specific information 
for a plurality of user equipment; and 

means for determining user specific information for the 
user equipment from the minimum transmission resource unit. 

15 

27. A user equipment as claimed in claim 26 wherein the 
combined user equipment specific information is jointly 
encoded; and wherein the means for determining comprises 
means for decoding the combined user equipment specific 

20 information and for selecting the user equipment specific 
information for the user equipment. 



28. A cellular commiinicatlon system comprising 

a first apparatus for transmitting user equipment 
25 specific inf ormatlon from a base station to a user 
equipment, the first apparatus comprising: 

means for combining user equipment specific 
information for a plurality of user equipment to 
generate combined user equipment specific information, 
30 means for encoding the combined user equipment 

specific information, and 
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means for transmitting the combined user equipment 
specific information in a minlniiini transmission resource 
unit; and 
the user equipment comprising: 
5 means for receiving a minimum transmission 

resource unit comprising combined user equipment 
specific information for a plurality of user equipment; 
and 

means for determining user specific information 
10 for the user equipment from the minimum transmission 

resource unit. 

29. A method of transmitting user equipment specific 
Information from a base station to a user equipment in a 
1j5 cellular communication system? the method comprising the 
steps of: 

combining user equipment specific information for a 
plurality of user equipment to generate combined user 
equipment specific information; 
20 encoding the combined user equipment specific 

information? and 

transmitting the combined user equipment specific 
information in a minimum transmission resource unit. 

25 30* A method of receiving user equipment specific 

information from a base station in a cellular communication 
system; the method comprising the steps of ; 

receiving a minimum transmission resource unit 
comprising combined user equipment specific information for 
30 a plurality cf user equipment; and 

determining user specific information for the user 
equipment from the minimum transmission resource unit. 
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ABSTRACT 

5 APPARATUS AMD METHOD TOR COWfUNXCATZNG USER BQUZmEaiT 

SPECIFIC IHFORMATZCm IN CEZ.I.UIAR CCXMUKICATION SYSTEM 

A cellular coinraunlcat.ion system cCTaprisess a base station 
(101) and a plurality of user equipment (103) . The base 
10 station (101) comprises a combine processor CHI) which 

combines user equipment specific inf onuation, such as power 
control commands or synchronisation information, for a 
plurality of user equipment (103) . An encode processor 113 
encodes the combined user equipment specific information and 

15 a transceiver 109 transmits the combined user equipment 

specific information in a minimum transniission resource unit 
of the cellular communication system. The minimum, 
transmission resource unit may be a single channelisation 
code In a single time slot. The UE (103) comprises a 

20 receiver (115) for receiving the minimunL transmission 

resource unit and a UE data processor <117> which decodes 
the minimum trajismisslon resource unit and extracts the user 
equipment specific information for that UE (1Q3) . The 
invention may provide a more efficient communication of 

25 sioall data blocks. 



FIG^ 1 to accompany the abstract. 
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